calculated to be between 10 to 25 billion dollars per year in the United States.2-4 Health care workers, particularly nurses, have been identified as one of the highest-risk groups. In the Occupational Health Supplement to the 1988 National Health Interview Survey, four health care occupational groups were listed among the top 15 high-risk occupations for back pain in female employees, on the basis of self-reported back pain and national estimates of workers at high risk.5 Nursing aides, orderlies, and attendants were the highest-risk group (prevalence 18.8%), and licensed practical nurses were second (prevalence 16.3%). Additional studies have also confirmed the increased prevalence of back injuries among nurses.6'7 Other hospital workers, such as building and grounds and maintenance workers, have also been reported to be at risk for back injuries.s All hospital incident reports that record injuries involving the back are included. This is the broadest measure of injury from either source. WC cases+ A WC case is defined for this study as one in which ANY money was spent, whether for medical, indemnity, or other purposes. Cases with lost days but no money spent represent denied claims and were not included.
Lost days
The sum of all lost days of the WC cases. This is based on calendar days, not workdays. costs
The sum of all money actually paid as of the date the database was published (Aug 1994 for fiscal years 1992 and 1993; Feb 1995 for fiscal year 1994). It does not include reserves that have been set aside to pay for future bills.
l TPA, third party administrator. + WC, workers' compensation. The TPA served as the source for data on injury reports, workers' compensation cases, lost days, costs, accident type, and agent. The definitions of these measures are listed in Table 1 . The hospital payroll system was the source of the actual hours worked in each of the working group categories. A full description of the database is contained in a previous article."
The standard injury rate statistics, summarized in Fig. 1 , including Total Injury Report Rate (TIRR), Compensation Case Rate (CCR) and Compensation Severity (or days lost) Rate (Comp-SR), were applied across all hospital departments. The Comp-SR was averaged over 2 fiscal years because data were available for that time period only. The benchmark was computed as a target based on a 25% reduction per year.
Although government-based injury epidemiological studies have traditionally avoided inclusion of cost data, decision-making and priority setting within a company invariably includes discussion of costs. We attempted to include the cost variable in some of the statistics and to examine its impact on ranking, risk assessment, and prioritization. The costs used in these calculations were direct costs accounted for by the TPA, including medical care, wages, and selected legal charges. We estimated the 95% confidence intervals (CI) for the observed rate statistics on the basis of Poisson or binary distribution as appropriate.
In addition, composite statistics, including Compensation Composite Risk Indicator (Comp-CRI), Average Relative Rate (ARR), and Justified Average Relative Risks (JARR) were also used' and were compared over time. As noted previously, difficulties arose when following relative rates over time, leading to the development of the JARR, which uses a benchmark for comparison." In this case, the benchmark was arbitrarily set at a 25% reduction, so that all relative rates could be compared with that goal, including the hospital-wide average. To assess the temporal trends and variation in the ranks of the back injury for 3 years, the JARRs of different worksites were compared. For these composite statistics, we could not provide the 95% CIs because of the lack of information on the covariance among the standard injury rate statistics mentioned above.
Although, to some degree, back injuries can be viewed as a cumulative trauma disorder because repeated small traumas frequently produce pain and impairment, analyzing the precipitating event can prove to be useful in ultimately designing preventive intervention strategies. We therefore examined the accident types recorded in the accident report to assess common causes of back injuries in the hospital. Table 2 displays the consolidated back injury data, annual rates, and benchmark rates for selected work areas. Table 3 uses the data and rates from Non-nursing work areas also demonstrated increased risk for back injury. Buildings and Grounds ranked fourth in TIRR (10.0 injury reports with 95% CI, 7.5 to 13.1); first in CCR (4.5 cases with 95% CI, 3.5 to 5.7); second in Comp-SR (259 lost days with 95% CI, 242.9 to 276.6); and ninth in Cost Rate ($4230 per 100 FTE). When using the combined risk indicators, Buildings and Grounds ranked second overall.
Results
Use of the traditional injury, compensation case, and compensation severity rates gave different rankings for the working groups, sometimes with a marked reordering as shown in Table 3 . For example, Orthopedics/Neurological Nursing ranked second with TIRR, fifth with CCR, and eighth with Comp-SR.
In addressing cost issues, Table 4 displays different cost assessments and rankings for 1 fiscal year. For All Nursing, direct costs were $4096 per case for 1 fiscal year. However, some cases are active for more than 1 year, so the actual cost per case would be much higher if followed over all years that payments were made. This point is confirmed by noting that the mean yearly cost for all hospital back injuries occurring during fiscal year 1992 was $284,872. However, the total amount paid for back injuries that year, including both fiscal year 1992 injuries as well as ongoing payments for past injuries, was $1,059,484.
The composite statistics, Comp-CR1 and JARR, which both assign equal weight to all four injury rates, show a similar ranking of working groups. Removing the Cost Rate from the JARR calculation resulted in only small changes to the overall ranking of the working groups. Figure 2 shows the reported types of accidents (mechanism of injury) for the hospital as a whole and for selected work areas for 1 year. Handling patients was the reported event in over 50% of the hospital's injuries. Lifting and handling materials accounted for an additional 20%. The distribution of accident type varied across the work areas. Patient handling was the major cause of injury in all nursing areas and radiology, accounting for over 80% of the accidents in all nursing areas except Operating Room Nursing. Materials Management also reported patient handling injuries, probably because of its Patient Transport Department. Figure 3 displays the JARR for different nursing services over a 3-year period. The graphs show wide variation from year to year with some groups, reflecting the impact of one or more serious injuries on relatively small numbers. A more consistent trend is seen in others.
Discussion and Conclusions
Our study demonstrated that the application of different standard statistics generated different results in ranking the risk of back injury among various work areas. Some areas, such as ICU Nursing, Building and Grounds, and Orthopedics/ Neurology Nursing, ranked among the highest in all four individual rates and would be deemed high-risk regardless of which rates were used. Other areas, however, seemed to be high-risk with some rates and lowrisk with others. Pharmacy, for example, had the lowest TIRR but the highest Cost Rate.
We found that using combined statistical measures provided a more integrative measure for describing the overall risk of back injuries and for targeting high-risk areas for potential intervention. These combined statistics also provided the opportunity to view the work area risk in The TPA served as the source for data on injury reports, workers' compensation cases, lost days, costs, accident type, and agent. The definitions of these measures are listed in Table 1 . The hospital payroll system was the source of the actual hours worked in each of the working group categories. A full description of the database is contained in a previous article. ' The standard injury rate statistics, summarized in Fig. 1 , including Total Injury Report Rate (TIRR), Compensation Case Rate (CCR) and Compensation Severity (or days lost) Rate (Comp-SR), were applied across all hospital departments. The Comp-SR was averaged over 2 fiscal years because data were available for that time period only. The benchmark was computed as a target based on a 25% reduction per year.
In addition, composite statistics, including Compensation Composite Risk Indicator (Comp-CRI), Average Relative Rate (ARR), and Justified Average Relative Risks (JARR) a FY, fiscal year; FTE, full-time equivalent; WC, workers' compensation; ICU, intensive care unit; OR, operating room. * The basic formula for all rate calculations is: (no. of cases/areaIyr) x (200,000 hours worked/l 00 FTE)/(no. of hours worked/area/yr). + Total costs includes all costs for cases occurring within the 3-year period. This does not include payments for cases before FY 92, nor does it include money set aside for future payments.
* Lost day data was available only for FY 92-93. 5 25% reduction in all average annual rates. This value was an empirically chosen goal. comparison with the overall background (Average Relative Rate) or to a benchmark level (Justified Average Relative Risks). The combined statistics seemed to be useful measures for following risk or risk reduction over time. However, we also noted, as might be expected with following any statistical measures over time, that small numbers in the different working groups can lead to considerable variation, making actual trend analysis difficult. Our study also supports previous studies that have demonstrated an increased risk of back injuries among nurses and produced similar rates of injury in similar settings. For example, a large west coast hospital reported 25.5 "lost time injuries per year" among 733 nurses, which is an approximate rate of 3 per 100.'" Our Comp CR, which is similar to lost time injuries, was 2.3 per 100 FTE for all nursing. The varying risks of back injury observed among the nursing work areas (Table 3) reflected different types of nursing patient care demands, in particular, the amount of patient lifting required. ICU, Surgical, and Orthopedics/ Neurology units, which demonstrated the highest risks for back injury, have the greatest number of non-ambulatory patients and therefore require more total body transfers and lifts. Nurses working in the Operating Room and Medical Units were found to have a midrange risk. Patient lifting in the operating room is usually well coordinated and done with several people. General medical units have more ambulatory patients. Pediatrics Nursing, which falls well below All Nursing and hospital-wide levels, cares for patients who weigh less than adults. The proposed lifting guidelines of the National Institute for Occupational Safety and Health recommend a maximum lift of 51 pounds, under ideal conditions. l1 The weight of adult patients consistently exceeds this recommendation, whereas that of pediatric patients seldom does. Adult patient lifting is therefore likely to be the greatest single factor explaining the differ- ences in back injuries among the various nursing services. Examination of the data for accident types (Fig. 2) provides additional evidence for the importance of patient handling as the major risk factor for back injury among nurses. In addition to the patient weight factor, health care workers frequently move patients while using awkward postures that create additional back stress.
Our results, along with other studies of the biomechanics of patient transfers, support the need for ergonomic lifting methods, such as the use of lifting devices to perform patient transfers and lifts.12P'" The use of trained lifting teams is one way to organize the use of the lifting devices and to ensure that the equipment will be used and handled appropriately. " The use of a lifting team removes the majority of lifting from nursing staff and concentrates it among a few trained individuals who use assisting devices. Thus far, Charney's reports of lifting teams has demonstrated a marked decrease in back injuries in hospital employees without reported injuries among the trained lifting technicians. 16 The use of expensive beds that change position into chairs or stretchers is another modality implemented by hospitals to decrease the need for patient transfers.
Reduction in the monetary as well as human cost of back injuries is another incentive for hospitals to invest in equipment and staff to lower the risk. Costs frequently become one of the determining factors in deciding where and how to intervene. Different cost statistics, however, can give different information. Table 4 demonstrates how work areas can appear to be high-or lowrisk depending on the cost statistic used. A frequently used statistic is cost per case. To gain an accurate cost per case assessment, costs must be followed over time, because back injury costs frequently exceed 1 year's duration. Tracking the costs per case over many years can be cumbersome. In addition, cost per case has other limitations. Higher paid employees will have more expensive cases compared with lower paid workers, even in some instances in which the severity of the injury may have been less. Also, cost per case does not reflect the impact of the numbers of injuries in the work area. There may be many back injuries in a work area with lower paid employees and a lower cost per case, but the overall cost for that area may be high. In our study, only three hospital areas had above-average cost per cases (as determined for only 1 year): two nursing areas and Environmental Services. If only the cost per case were used, other areas identified as risky by the other statistics would be designated low-risk.
Using another statistic, Cost Rate (or expense per standard number of employees), facilitates comparisons among work areas. The results are also in a format (cost per year per 100 FTE) that is comparable with the other illness and injury statistics. For example, a small work area with low wages could have many low-cost cases and thus a low cost per case, but the total cost per 100 workers could be high. This is illustrated by the Buildings and Grounds Department, which had the highest CCR over the 3-year period (Table 3) . In 1 year (fiscal year 1992) nine cases had a total cost of $11,849, or $13 17 per case (Table 4) . Because this is a rather small department (210 FTE), the cost per 100 FTE becomes $5631.
Our study demonstrated that nonpatient care areas in the hospital also experience high rates of back injury (Table 3) . For example, the Buildings and Grounds Department was 2.47 times the hospital-wide rate, not far behind the highest nursing group, ICU Nursing, which was 3.19 times the hospital-wide rate. Pharmacy and Environmental Services were also found to have elevated levels of back injury above the hospital-wide and benchmark levels. Therefore, it is important to include non-patient care areas in the process of ergonomic evaluations and interventions in the hospital setting.
In these analyses, we did not specifically control for age, gender, and previous prior back injury because of the limited availability of such information. Although, historically, ICU nurses may have been somewhat older because experience had been a prerequisite for work in this setting, recent changes in health care employment have influenced the retention of nurses in all settings at this hospital. For this reason, we perceived no major age differences among the various nursing groups.
There is a potential for bias in the reporting of non-lost time injuries, TIRRs. Nursing areas with employees who were familiar with the hospital incident report system had more injuries with no lost time or payment than did areas such as Environmental Services, where familiarity with incident reports is thought to be more limited. The number of compensation cases, days lost, and costs include more objective measures that describe more serious injuries. The fact that these rates would be less influenced by reporting biases is another reason to use different types of injury rates to describe the risk.
Cases with few lost days were underrepresented in this TPA database. When the TPA cases were compared with the Occupational Safety and Health Administration 200 log, several cases with fewer than 5 lost days reported on the log had 0 days recorded in the TPA database. The workers' compensation wage replacement benefits begin only after 5 workdays are lost. If a worker returns to work 4 or fewer days after an injury, that information would not be likely to be recorded in the database because the TPA does not pursue information on cases for which no lost wages are paid. The lack of these data could affect the Severity Rating of a work area. The overall ranking schemes would be affected only if certain areas had many cases with fewer than 5 lost days.
Because our observed statistical outcomes for back injury reports and costs are similar to those reported in other hospital settings,8.'0 we hope our approach to describing and ranking back injury risks among hospital workers would be applicable to other hospital and industrial settings. The use of composite statistics merits further use and study, particularly in terms of prioritizing risk areas and following trends over time.
